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This thesis consists of three chapters which mainly concerns on the studies of intermolecular 
hydrogen bonding interactions, crystallization behavior and crystal structures of poly(3-hydroxybutyrate) 
[PHB] and blends. Several measurements were used in this thesis are differential scanning calorimetry 
(DSC), infrared spectroscopy (IR), and wide-angle X-ray diffraction (WAXD). Two surface sensitive 
techniques were specially employed to investigate the crystallization and crystal structure of PHB 
ultrathin films, i.e. infrared-reflection absorption spectroscopy (IRRAS) and grazing incidence X-ray 
diffraction (GIXD).  
 Chapter 1 describes the effect of intermolecular hydrogen-bonding interactions formed between PHB 
and chitin in the blends on the crystallization behavior and crystalline structure of PHB. The PHB/chitin 
blends were studied as a function of composition and temperature by DSC, WAXD, and IR. We observed 
the significant changes of the blends with PHB content ≤ 50 % wt from the composition dependent of 
DSC curves, WAXD patterns and IR spectra. The temperature-dependent spectral variations in the C＝O 
stretching were further analyzed by calculating the intensity changes, full width at half maximum 
(FWHM) and wavenumber shift. It is found that a new band appeared at around 17101714 cm-1 which is 
known as the hydrogen bonded C＝O band in many polymer blends. Therefore, the appearance of this 
band clearly reveals the formation of the intermolecular hydrogen bondings in the PHB/chitin blends. We 
proposed that the intermolecular interactions formed between C＝O groups of PHB and the O−H and 
N−H groups of chitin (C＝O∙∙∙H−O and C＝O∙∙∙H−N) in the amorphous phase. The formation of these 
intermolecular hydrogen bondings is crucially responsible for decreasing the crystallinity of PHB in the 
blends. However, we found that the crystalline structure of PHB is not much affected by the addition of 
chitin. 
In Chapter 2, the crystallization behavior and crystalline structure of PHB were investigated as 
ultrathin films (thickness 52 nm) using two surface sensitive techniques, IRRAS and GIXD through 
heating and melt-cooling processes. Two kinds of crystalline structures of PHB were observed at 1722 
and 1731 cm
-1
 from the analysis of IRRAS spectra that correspond to the C=O stretching of highly-
ordered and intermediate states, respectively. Increasing temperature caused the crystals in the 
intermediate state acquire sufficient thermal energy to overcome the energy barrier, as a result, the 
transformation from the intermediate state into the highly-ordered state occurred. The weak 
intermolecular hydrogen bonds of PHB still exist in such ultrathin films along a-axis. Furthermore, the 
2D-GIXD results show that the intermediate state was dominant in edge-on-lamellae configuration where 
the crystallographic b-axis is normal to the film surface. Meanwhile, the highly-ordered state was 
predominant in flat-on lamellae configuration where the b-axis is parallel to the film surface. Moreover, 
from a very shallow angle of incidence measurement which only penetrates 8 nm deep from the surface 
reveals that the crystals in the surface region strongly tended to align in an edge-on lamellae 
configuration. 
In Chapter 3, the crystallization behavior of poly(3-hydroxybutyrate) (PHB) ultrathin films in 
blends with small amounts of poly(L-lactic acids) (PLLAs) was investigated using GIXD and IRRAS. 
Ultrathin films of PHB/PLLA with the same blend ratio of 80/20 (w/w) and two different film thicknesses 
(30 and 13 nm) were prepared using PHB (Mw = 650,000 g mol
−1
) and PLLA having Mw’s ranging from 
300,000 to 710 g mol
−1
 to explore the effects of molecular weight on the crystallization of PHB under 
different confined environments. In the 30 nm thick films, the intensity of PHB crystalline Bragg 
reflections was strikingly affected by the blended PLLA molecules. Middling molecular weight PLLAs 
(Mw = 23,000–13,100 g mol
−1
) significantly inhibited the crystallization of PHB compared with higher 
molecular weight PLLAs (Mw ≥ 50,000 g mol
−1
). In the 13 nm thick films, thickness confinement was 
revealed to play an important role in crystallization inhibition as both higher and middling molecular 
weight PLLAs inhibited the crystallization of PHB. Furthermore, IRRAS showed that, for the 30 nm thick 
films, the addition of a small amount of PLLA (Mw ≥ 13,100 g mol
−1
) only altered the crystalline structure 
of PHB in the highly ordered state. In contrast, such PLLAs greatly affected the PHB crystals in both 
intermediate and highly ordered states in the 13 nm thick films. Unlike the behavior of PLLA in bulk 
PHB, the lower molecular weight PLLAs (Mw ≤ 3,600 g mol
−1
) showed limited effects on the crystallinity 
and crystalline structure of PHB in both thicknesses of thin films. Several factors, such as phase 
separation caused by free surface and interface effects, entanglement of PLLA chains, and molecular size 
of PLLA, are very likely to be responsible for the particular crystallization behavior of PHB in the studied 
blends. 
The novelty and originality of this thesis can be described as follows: 
1. The existence of intermolecular hydrogen bondings between PHB and chitin in their blends was 
revealed through the intensive analysis of various ratios of blends with the temperature dependence of 
IR spectroscopy combined with the results obtained from DSC and WAXD measurements. We 
systematically analyzed the IR spectra of PHB including the intensity change, full width at half 
maximum (FWHM), and wavenumber shift of C＝O bands with composition and temperature 
dependences. Similarly, the change of amide I and II bands of chitin is also discussed as well. The 
effect of intermolecular hydrogen bonding formation on crystallization and crystal structure of PHB 
also carefully discussed by monitoring the change of DSC and WAXD profiles of PHB. 
2. Through the measurement and analysis of temperature-dependent IRRAS and GIXD, we proposed 
two different ordered of crystalline structures in PHB ultrathin films: less ordered and highly ordered 
structure. The existence of less ordered structure was obviously recognized in the intermediate state 
which generally difficult to find in bulk PHB. The transformation from intermediate state to highly 
ordered state was meticulously examined from the integrated intensity change of their corresponding 
IR bands as a function of temperature. Moreover, the nucleation site, growth and preferred orientation 
of crystallites PHB were elucidated from temperature-dependent of 2D-GIXD profiles. 
3. The effect of a small addition of PLLA on the crystallization of PHB ultrathin films is interpreted 
through the investigation of various molecular weights of PLLAs and two different film thicknesses 
using surface sensitive IRRAS and GIXD measurements. The results show that the inhibition of 
crystallization of PHB by PLLA strongly depends on the molecular weights of PLLAs and thickness 
confinement. The present of a very confined environment by reducing the film thickness seems to 
enhance the miscibility of PHB and PLLA in the blends. Apart from the molecular weights of PLLAs 
and thickness confinement dependences, phase separation due to the presence of free surface effect, 
entanglement of PLLA chains, and molecular size of PLLAs are also found to be important factors 
that influence the ability of a small amount of PLLAs in inhibiting the crystallization of PHB. 
